Context. In the context of an in-depth understanding of GRBs and their possible use in cosmology, some important correlations between the parameters that describe their emission have been discovered, among which the "E p,i -E iso " correlation is the most studied. Because of this, it is fundamental to shed light on the peculiar behaviour of a few events, namely GRB 980425 and GRB 031203, that appear to be important outliers of the E p,i -E iso correlation. Aims. In this paper we investigate if the locations of GRB 980425 and GRB 031203, the two (apparent) outliers of the correlation, may be due to an observational bias caused by the lacking detection of the soft X-ray emissions associated with these GRBs, from respectively the Burst And Transient Source Experiment (BATSE) detector on-board the Compton Gamma-Ray Observer and INTE-GRAL, that were operating at the epoch at which the observations were carried out. We analyse the observed emission of other similar sub-energetic bursts (GRBs 060218, 100316D and 161219B) observed by Swift and whose integrated emissions match the E p,i -E iso relation. We simulate their integrated and time-resolved emissions as would have been observed by the same detectors that observed GRB 980425 and GRB 031203, aimed at reconstructing the light curve and spectra of these bursts. Methods. We estimate the E p,i and the E iso parameters from the time-resolved and total integrated simulated spectra of GRBs 060218, 100316D and 161219B as observed by BeppoSAX, BATSE, INTEGRAL and the WFM proposed for the LOFT (Feroci et al. 2012) and eXTP missions (Zhang et al. 2016) . Results. If observed by old generation instruments, GRB 060218, 100316D and 161219B would appear as outliers of the E p,i -E iso relation, while if observed with Swift or WFM GRB 060218 would perfectly match the correlation. We also note that the instrument BAT alone (15-150 keV) actually measured 060218 as an outlier. Conclusions. We suggest that if GRB 980425 and GRB 031203 would have been observed by Swift and by eXTP they may have matched the E p,i -E iso relation. This provides strong support to the idea that instrumental biases can make some events in the lower-left corner of the E p,i -E iso plane appearing as outliers of the "Amati relation".
Introduction
Observations of long duration gamma-ray bursts (GRBs) in the last decades have pointed out the existence of a large number of empirical relations which link some of the fundamental parameters of GRBs such as, for example, the isotropic energy E iso emitted in gamma rays, the peak energy of the prompt emission spectrum E p,i , the peak luminosity L p of the prompt emission (Amati et al. 2002; Ghirlanda et al. 2004; Yonetoku et al. 2004; Liang & Zhang 2005; Dainotti et al. 2008; Bernardini et al. 2012; Margutti et al. 2013; Izzo et al. 2015) .
In this work we focus on the most popular of them, the E p,i -E iso correlation, aka the 'Amati relation' (Amati et al. 2002; Amati 2006 ): the total gamma-ray isotropic energy (E iso ) emitted in long GRBs correlates with the rest-frame value of the energy spectrum at which their gamma-ray emission peak (E p,i ) . In this paper the isotropic output is extimated using the quantity E γ,iso that represents the total energetic output in the rest-frame range 1-10000 keV.
To date more than 200 GRBs match the E p,i -E iso relation; however, after 20 years, it is still a matter of debate the fact that the closest GRBs ever discovered, GRB 980425 at z=0.0085 (d = 40 Mpc), appears to be a remarkable outlier of the 'Amati relation' (Ghisellini et al. 2006; Amati 2006 ). This situation is still more disturbing after noting that GRB 980425 was found to be the first GRB associated with a Supernova (SN), the SN 1998bw (Galama et al. 1998) , and therefore it is recognized as the prototype of GRB-SN connection (Woosley & Bloom 2006; Della Valle 2011) . The existence of outliers of the 'Amati relation' should be also clarified in view of both understanding the emission processes at play in the GRB phenomenon and the frequent use of GRBs in cosmological studies (Amati et al. 2008; Amati & Della Valle 2013; Izzo et al. 2015) . In this paper we suggest that the location of GRB 980425 in the E p,i -E iso plane is very likely due to an observational bias caused by the sensitivity range keV of the Burst And Transient Source Experiment (BATSE) detector on-board the Compton GammaRay Observer (CGRO, Meegan et al. 1992) . Similar arguments apply to the case of an other sub-energetic and nearby (z = 0.105) event: GRB 031203 Watson et al. 2006 ).
To reach our goal, we show that nearby and sub-energetic bursts with a SN associated, GRB 060218 , GRB 100316D (Starling et al. 2011) and GRB 161219B (Cano Article number, page 1 of 14page.14 arXiv:1708.03873v1 [astro-ph.HE] 13 Aug 2017 A&A proofs: manuscript no. 060218_paper Fig. 1 . Location in the E p,i -E iso plane of GRB 161219B as observed by Swift/BAT and Konus-WIND and of GRB 060218 as observed by Swift/BAT and by Swift/BAT+XRT. Swift/BAT is more sensitive than Konus-WIND, thus allowing a more precise estimate of the E p,i and E iso parameters for GRB 161219B and findig it more consistent with the Amati relation. In the outstanding case of GRB 060218, the emission in the soft X-ray band, that can be detected only by using Swift/XRT, makes this event, which otherwise would have been classified as an outlier, fully consistent with the E p,i -E iso correlation. In the plot, the dotted-dashed (dotted) lines refer to the 2 (3) sigma error around the best-fit line.
et al. 2017) observed by the Swift Burst Alert Telescope (BAT, Barthelmy et al. 2005 ) in the energy range (15-150) keV and the X-Ray Telescope (XRT, Burrows et al. 2005 ) in the energy range (0.3-10) keV, consistent with the E p,i -E iso relation, would appear as outliers of the Amati relation if observed with BATSE.
These GRBs are perfect for our purposes because, unlike other similar low-energetic events, they have a continuous coverage in time of their prompt emission by Swift BAT and, in the case of GRB 060218 and GRB 100316D, also by XRT. The importance of the different instruments characteristics in determining the position of an event in the E p,i -E iso plane can be appreciated considering figure 1, where we highlight the position of GRB 060218 and GRB 161219B according to different detectors: it is clearly visible that when using measurements by instruments with better sensitivity and lower energy threshold these events become more consistent with the correlation. GRB 060218 is the emblem of this kind of behaviour, perfectly matching the best-fit of the E p,i -E iso correlation when seen by Swift/XRT+BAT, and appearing as an outlier when observed with wift/BAT only, as will be shown in this work.
This work is organized as follows: in section 2 we present the spectral properties of GRBs 060218, 100316D and 161219B and we introduce the methodology at the base of this paper. In Sec. 3 we describe their spectral analysis and in Sec. 4 we present the simulations of these GRBs as if they were observed by BATSE and other detectors. In the last section we report our conclusions.
Swift data analysis
In the following part of this article, we will mainly focus on the case of GRB 060218, which presents one of the best dataset among the observed GRBs. Additional material regarding GRB 100316D and GRB 161219B, as figures and tables, can be found in the Appendix. 
GRB 060218
GRB 060218 was discovered by Swift and it was found to be associated with SN 2006aj (Pian et al. 2006) at the redshift of z = 0.0331. Soft X-ray observations pointed out the presence of a thermal component, which originated in the breakout of a shock propagating into the wind surrounding the progenitor star Waxman et al. 2007) . The main feature which makes this GRB different from more energetic GRBs is the long duration (∼ 3000 s) of the prompt emission observed down to X-rays, which is clearly different from the canonical one observed in almost all GRBs (Nousek et al. 2006 ). Thank to this very long duration (and its proximity) it was possible to detect most of the prompt emission with both BAT (15-150 keV) and XRT (0.2-10 keV). The integrated BAT+XRT spectrum is characterized by an intrinsic peak energy of E p,i = 4.9 keV and a total integrated isotropic energy of E iso = 6.2 × 10 49 erg. With these values GRB 060218 matches the Amati relation (see Fig. 6 ).
Due to its low luminosity, low redshift and associated Supernova, GRB 060218 has been considered a "twin" of GRB 980425 and GRB 031203 (Ghisellini et al. 2006 ), but it shows a different time duration and high energy emission. It is consequently very interesting to derive the spectrum of GRB 060218 and its location in the E p,i -E iso plane as it would have been observed by the same instruments which have observed GRB 980425, (BeppoSAX, (Frontera et al. 2000) ), BATSE, (Meegan et al. 1992) ) and GRB 031203 (INTEGRAL (Mereghetti et al. 2003) ). We also consider the case for eXTP Zhang et al. 2016 ), a future-planned mission dedicated to observe the X-ray transient sky in the soft X-ray energies.
We have reproduced the Swift data analysis as reported in Campana et al. (2006) using the same time intervals, and the results are reported in Fig. 2 . The XRT spectral data were obtained for the corresponding BAT time intervals following the canonical procedure for GRB data reduction, starting with the xrtpipeline package, which runs in sequence all the tasks for XRT data processing. Since the X-ray emission from GRB 060218 was very bright, we have applied the pile-up correction for the Window Timing mode, as the source presented count rates larger than 100 counts s −1 for a large part of its emission. In this light, we have selected a box with an annulus centered on the brightest pixel, as well described in Romano et al. (2006) . After the pile-up correction, we have obtained background files with XSELECT and generated the corresponding ancillary response function file with the xrtmkarf package. Finally, we have grouped the data in order to have a minimum of ten counts in each spectral bin, using the grppha package.
Since the complete dataset is composed of four spectra for which there are no XRT data, we have divided the sample in two sub-dataset: 1) the first four BAT spectra lasting totally t D1 = 340 s, and 2) the following twelve BAT and XRT spectra, lasting totally t D2 = 2387 s and which cover the range (0.3 -150) keV, with a data gap between (10 -15) keV. The spectral data analysis has been performed using the XSPEC fitting package (Arnaud 1996) , assuming Solar abundances as given in Wilms et al. (2000) and a cosmological model with Ω Λ = 0.73, H 0 = 70 km/s/Mpc and q 0 = -0.5. For the BAT + XRT dataset, we found that the best-fit in all single spectra is given by an absorbed black body plus a power-law with an exponential cut-off, in agreement with the results of Campana et al. (2006) . The results of the timeresolved spectral analysis of the two datasets are shown in Tables 1, 2, while in fig.2 we report as an example the best-fit for the Swift BAT+XRT spectrum number 5 using a function composed by an absorbed blackbody plus a power-law with an exponential energy cutoff.
The last step consists in computing the integrated spectrum of GRB 060218. We have obtained integrated spectra for both datasets using the mathpha task, which is provided within the heasoft package for data analysis 1 . We have then fitted the integrated spectra considering a cutoff powerlaw for the first dataset and an absorbed cutoff powerlaw (Band 2003 ) plus a blackbody for the second one, obtaining very similar results of the one presented in Campana et al. (2006) . We have fixed the galactic column density to the value N(H gal ) = 1.42×10 21 cm −2 , (see Dickey & Lockman (1990) ), while for the extragalactic column density, we have chosen the median among those obtained in the differ-1 http://heasarc.gsfc.nasa.gov/lheasoft Fig. 3 . Best-fit of the Swift BAT+XRT spectrum number 5 (see Table  2 ) obtained with an absorbed blackbody and a power-law with an exponential energy cutoff function. ent spectra in which our dataset is divided:
GRB 100316D
GRB 100316D was also discovered by Swift (Stamatikos et al. 2010) in the environment of an extended galaxy at the redshift z=0.059 (Vergani et al. 2010) . The initial BAT and XRT light curves were very similar to the observed emisson of GRB 060218 ) and a thermal component was also observed in X-rays (Starling et al. 2012) , although its presence has not been confirmed (Margutti et al. 2013) . A SN associated with the burst was also discovered few days after the GRB discovery when it was still rising in luminosity (Chornock et al. 2010; Bufano et al. 2012) . The similarity between the temporal and spectral properties of GRB 100316D with those of GRB 060218, makes GRB 100316D an additional test bed for our purposes. Its T 90 spectrum, however, is best fitted in the (15 -150) keV energy range by a simple power-law function with photon index γ = −2.56 ± 0.18. We then derive that this GRB is extremely soft, with a peak energy below the lower energy threshold of Swift BAT (E p,i ≤ 15 keV). In analogy with GRB 060218, we have considered the luminous X-ray tail for the computation of the E p,i and E iso parameters. However, XRT started to observe GRB 100316D only 144 s after the Swift BAT trigger, and 297 s after the first emission observed by BAT, see Fig. A.2. In order to build an integrated spectrum including both BAT and XRT data, we have simulated the XRT emission in the time interval (T 0 -153, T 0 +144) s, using the fakeit package available in the HEAsoft software packages, and considering the bestfit found for the BAT spectrum. After obtaining an XRT spectrum for the first Swift orbit using the same procedure underlined in the previous section, we have then computed a total integrated spectrum for both detectors by using the mathpha package also available in the HEAsoft suite. The fit of this latter spectrum, with a total exposure time of 891 s, is best fit with an absorbed power-law with an exponential cut-off at E cut = 18.7 although its location is borderline (see Fig. 7 ). Finally, we have built three distinct time-resolved spectra that will be used for the simulation with other detectors. The details of these three timeresolved spectra are shown in Table A .1.
GRB 161219B
GRB 161219B has been discovered by Swift BAT (D'Ai et al. 2016) and by Konus WIND (Frederiks et al. 2016) . Its redshift has been identified two days later (Tanvir et al. 2016 ) to be z = 0.1475 while the emerging supernova was observed 7.24 days after the initial trigger ). The T 90 duration observed by Swift BAT is 6.9 s, but a more detailed analysis of BAT data revealed an extended emission, lasting ∼ 20 s, anticipating the burst (Palmer et al. 2016) , as well as a tail lasting up to 40 s from the GRB trigger, see erg, in the (1 -10000) keV energy range. With these values, the location of GRB 161219B is within three sigma of the Amati relation, while if we consider the data provided by the Konus-WIND mission (Frederiks et al. 2016) , this burst woould not satisfy the correlation at all, see fig. 1 . In order to get more reliable values of the average E p,i and E iso of the whole event, we repeated the analysis by including also the first soft/weak pulse and the soft tail described previously and shown in Fig. A.3 . The BAT data were downloaded, screened and analyzed by following the standard procedures 2 and using the usual HEASOFT packages. The total spectrum is best fitted by a Band function (Band et al. 1993 ) with the following parameters: α = −1.14 +0.16 −0.13 , β = −2.37 +0.52 −1.59 , and E p,i = 55.5 +14.9 −8.9 keV. The total integrated isotropic energy in the (1 -10000) keV energy range is E iso = 1.83 × 10 51 erg, which puts this GRB well inside the limits of the Amati relation. Finally, we have obtained and analysed four time-resolved spectra from the total emission of GRB 161219B, to be used in the simulations with other detectors. As it is clear from Fig.  A.3 , we have extracted two single spectra from the GRB main pulse and additional two spectra for the precursor and the soft tail. The best fit results of the Swift BAT data for each single spectrum are shown in Table A .2.
Simulated observations with other detectors
After deriving the spectral emission of the GRBs 060218, 100316D and 161219B as observed by Swift, we simulated to observe them with old instruments dedicated to GRB observations, as BeppoSAX, BATSE, INTEGRAL, and a planned in- 2 The Swift BAT data analysis is described at https://swift.gsfc.nasa.gov/analysis/ Band et al. (1993) . In the case of BeppoSax, BATSE and WFM we report two horizontal lines because the value of the threshold σ 0 depends on the angle between the direction perpendicular to the plane of the detector and the direction of the source. We use the lower value throughout the whole analysis.
strument that is very sensitive to soft X-ray frequencies, as the WFM instrument. The energy range of BeppoSAX (see Frontera et al. (2000) ) was very wide: from 2 keV to about 700 keV. This large range was obtained thanks to two distinct detectors: the Wide Field Camera (WFC) (Jager et al. 1997) which operated between 2 and 30 keV and the Gamma Ray Burst Monitor (GRBM) (Frontera et al. 1997 ), whose energy range was (40 -700) keV. In this work, we have considered only the GRBM detector, because it was the GRB alert detector on-board BeppoSAX. The BATSE Large Area Detector (LAD) was an experiment on-board the Compton Gamma-Ray Observer (CGRO), and it consisted of 8 detector module of NaI(TI), covering a wide energy range from 20 keV to 2 MeV. An interesting feature of the BATSE-LAD was that the location of these 8 detectors allowed to cover a very wide fraction of the sky, Ω = 4π. The INTErnational Gamma-Ray Astrophysics Laboratory (INTEGRAL) is a facility designed to investigate high-energy objects, carrying detectors for X-ray and gamma-ray part of the spectrum, with energy between 15 keV and 10 MeV (Mereghetti et al. 2003) . eXTP (Zhang et al. 2016 ) is a proposed mission for timing analysis of the X-ray transient sky and it should mount also a wide field monitor (WFM) instrument, which is able to detect GRBs in the energy range (2 -70) keV (Feroci et al. 2012) .
The time-resolved spectral best fits obtained in Sec. 2 (see also Tables 1, 2, A.1, A.2) represent our input spectral models in the simulated observations. We used the standard fakeit procedure within the XSPEC package for simulating the observed spectra for all instrument, which requires correct background and spectral response matrix for all detectors, plus an additional ancillary response file for the WFM and INTEGRAL cases. We have obtained the response matrices, background and the ancillary files for each detector from the specific web sites 3 , 4 , 5 or from the literature (Kaneko et al. 2006; Guidorzi et al. 2011) .
Before spectral fitting, we have grouped any spectra to have a number of ten counts per bin, using the grppha tool of heasoft package. Then, we have used XSPEC to find the best model of each single time-resolved simulated spectrum, as if the GRB was really observed by the considered detector.
However, in order to obtain the total integrated spectrum and given the different sensitivity of the four detectors considered, we need to consider the effective duration of each GRB emission as observed by each single detector considered. For this reason we have computed the threshold significance σ for any single simulated time-resolved spectrum and for each detector considered in order to determine the real duration of the GRB. Following Band (2003) , the threshold significance is given by
where A eff is the effective area of the detector, f det the fraction of the detector plane that is active, f mask the fraction of the coded mask that is open, ∆t the exposure of the photon spectrum N(E), (E) the efficiency of the detector and B(E) the background. E 1 and E 2 correspond respectively to the minimum and the maximum energy threshold for any detector considered in this analysis.
As final results we obtain different time intervals for each detector considered in which the burst would trigger it, and that also provide a signal with sufficient number of counts to be analyzed with XSPEC, see Fig. 4 for the case of GRB 060218: while BeppoSAX would not have triggered at all, WFM would have missed only the last 277 s, and BATSE and INTEGRAL would have seen respectively the first 490 s and 971 s. We have then computed the time-integrated spectra for each detector by summing with mathpha the spectra with a positive detection and then obtained the best-fit for each of them, that resulted to be a cutoff powerlaw in every case.
Once calculated the E peak from the simulated spectra, we have estimated the relative E iso calculating first the corresponding bolometric fluence S bolo using the relation (see Schaefer 2007) :
being Φ the differential photon spectrum (dN/dE) and S obs the observed fluence calculated from the spectrum, z the redshift and E min and E max are the extremes of the detector bandpass. For GRB 060218, we report the result of our calculation in Fig. 6 and Tables 6: while the location estimated with WFM matches with the Amati relation, the ones obtained with BATSE and INTE-GRAL do not match it. In the same figure we also report the location of GRB 060218 as observed by Swift BAT+XRT (060218 Swift). On the basis of all these results, we conclude that these different locations in the E p,i -E iso plane of GRB 060218 as observed by BATSE and INTEGRAL are due to their lack of a highly-sensitive soft X-ray detectors capabilities.
Similar conclusion are drawn for the cases of GRB 100316D and GRB 161219B. These events show an extended, soft emission similar to that of GRB 060218, although GRB 161219B shows a larger energy output, making us able to explore a different region of the E peak /E iso plane in search of the presence a bias effect. The results of our spectral analysis are reported in the Appendix (Tables A.1 and A. 2), while the positions on the E peak /E iso plane of these two events according to the different detectors we have considered are reported in 7. GRB 161219B results to be an outlier of the Amati relation for all the detectors considered in this work, with the exception of the eXTP-WFM, while for GRB 100316D only BATSE would have measured it outside the Amati relation (but with an unconstrained lower limit for the E p,i value).
As a countercheck to our result we have applied our approach to a set of eight cosmological bursts (z > 0.1), reported in Table 3 .1, whose E p,i and E iso have been measured by Swift-BAT and perfectly match the Amati relation (see Fig 8) . We performed time-integrated simulations for the BATSE-LAD and BeppoSAX-GRBM instruments and using the observed dataset from Swift. The simulated points in the E p -E iso plane are reported in Fig 8. According to our analysis, in this case we do not see an important effect/bias for these events. All these GRBs are consistent with the E p,i -E iso correlation, even if they would have been observed by BATSE-LAD and BeppoSAX-GRBM. This result implies that this effect is strong only for sub-energetic events and with a soft X-ray prolonged emission.
WFM and the class of low-luminosity GRBs-SNe
We note that during the complete duration of the prompt emission, the value of the peak energy is almost in the energy interval (2 -70) keV (see fig 2) , which is the nominal energy range of the Wide Field Monitor proposed for LOFT (Feroci et al. 2012 ) and eXTP (Zhang et al. 2016 ) mission concepts. Its sensitivity, with respect to other current and past GRB detectors, is almost one order of magnitude larger 6 , suggesting that events similar to GRB 060218 could be detected also at larger distances (z ≈ 0.1 − 0.2). It is consequently interesting to estimate the cosmological region of the Universe in which we can detect low-luminosity GRBs-SNe with WFM and, eventually, provide an estimate of the rate of such events. We then have estimated the maximum distance at which GRB 060218-like bursts would still trigger the eXTP-WFM. A positive trigger of eXTP-WFM depends on the assumed threshold significance, defined in Eq. 1, but we need also to correct there the observed spectrum due to the different assumed distance of the GRB. In the specific we modify:
-the exposure time ∆t z varies as ∆t rest (1 + z), where ∆t rest corresponds to the observed time interval in the rest frame: ∆t rest = ∆t obs /1.0331; -the cutoff energy E cutoff , parameterized as peak energy E p , varies as E cutoff,z = E cutoff,obs 1.0331
1+z ; -the normalization of the spectral model varies following the functional form:
Note that the subscripts obs correspond to the quantities observed by Swift and the subscript z to the quantities that would be observed if GRB 060218 would stay at redshift z. With these corrections we have computed the threshold significance σ for the time-resolved spectrum number 6 in Fig. 5 , which is the spectrum with the largest expected σ and not belonging to the initial hard emission of GRB 060218, translated at different redshifts. Assuming a value of σ = 4 for the eXTP-WFM, which is the expected final value for the mission, we obtain that an event similar to GRB 060218 would trigger the WFM up to a redshift z = 0.1, see also Fig. A.4 . We have also determined at which redshift GRB 060218 would have been observed by Swift BAT and we have obtained a redshift of z = 0.05 as the detection limit for GRB 060218 with Swift BAT. The cosmological comoving element volume at redshift z is given by
where d c = d l /(1 + z) the cosmological comoving distance. At these distances (z = 0.1), the comoving element volume is 30 times larger than the one at z = 0.0331 and eight times larger than the one at z = 0.05.
Conclusions
The main results of our analysis can be summarized as follows: i) GRB 060218, GRB 161219B and 100316D if observed with detectors not sensitive at low energies ( ∼ 0.3 keV) such as INTEGRAL and/or BATSE, would be outliers of the Amati relation see Amati & Dichiara 2013 , for a quantitative analysis of the instumental bias. On the other hand GRB 060218 and GRB R. Martone et al.: Amati out 100316D perfectly match the E p,i − E iso relation after being observed with Swift (down to 0.3 keV). On the basis of this result we suggest that GRB 980425 and GRB 031203 are not "true" outliers of the Amati relation and their location in the E p,i − E iso plane is the result of an observational bias, rather than being related to a combination of the geometry of GRB explosions with the line of sight of the observer (e.g. GRB viewed off-axis Yamazaki et al. 2004; Ramirez-Ruiz et al. 2005; Eichler & Levinson 2004) ; ii) the above conclusion is strengthened by the fact that Swift-BAT (15-150 keV) actually measured GRB 060218 as an outlier and XMM-Newton observed an X-ray echo that suggests the presence of an extended-soft emission associated to GRB 031203 (Watson et al. 2006);  iii) in the case of GRB 100316D, we note that the WFM observes it at the border of the 1-σ boundary of the Amati relation. We consequently derive that it is not sufficient to observe below to the limit of the soft X-rays energy range (∼ 0.3 keV), but it is necessary to use a detector with large sensitivities at these energies, like Swift-XRT, in order to get as much information as possible about the total energetic emitted by these low-luminosity GRBs; iv) to give more weight to our conclusions, we have applied the same approach to a sample of "high-luminosity" GRBs whose E p,i and E iso parameters, reported in Table 3 .1, have been measured by Swift-BAT. All these GRBs are more energetic and located at higher redshift than GRB 060218, GRB 100316D and GRB 161219B, and then are not expected to show the X-ray soft tail. In these cases the GRBs always match the E p,i − E iso relation either if observed by Swift or BATSE or BeppoSAX (see Fig. 8); v) after simulating WFM observations, we have shown that GRB 060218 could have been observed up to z = 0.1 which is about three times farther than it was observed with Swift-BAT (Guetta & Della Valle 2007) . As a consequence, we are likely missing a significant fraction of low-luminosity and subenergetic GRBs, whose high-energy emission remains undetected due to the poor sensitivity and limits of current operating detectors.
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